[Abstract] Oxidative stress has been proposed to be one of the main causes of aging and has been implicated in the pathogenesis of many diseases. Sensitivity to oxidative stress can be measured by quantifying survival following exposure to a reactive oxygen species (ROS)-generating compound such as paraquat or juglone. Sensitivity to oxidative stress is a balance between basal levels of ROS, the ability to detoxify ROS, and the ability to repair ROS-mediated damage.
species
[Background] A number of approaches have been used to test sensitivity to oxidative stress in Caenorhabditis elegans including exposure to paraquat, juglone, t-BOOH, arsenite, H2O2, or hyperbaric oxygen (Keith et al., 2014) . All of these assays serve to increase the levels of ROS in the worm to a point where survival is decreased. The assays differ in the primary type of ROS that the worm is exposed to (e.g., superoxide, hydrogen peroxide), the rate of exposure (acute versus chronic) and the subcellular compartment believed to be most affected (e.g., paraquat increases superoxide levels primarily in the mitochondria (Castello et al., 2007) . Based on these differences, it is possible that a particular strain of worm exhibits increased sensitivity or increased resistance to oxidative stress in one assay, but does not show a difference in another assay. It is also possible that a strain of worms is sensitive to oxidative stress at one age, but resistant to that same form of oxidative stress at a different age. Thus, to obtain a full understanding of sensitivity to oxidative stress in a particular strain it is necessary to use multiple assays at different time points. Results represent the average of three biological replicates of 25 worms per replicate.
Materials and Reagents
C. Acute juglone sensitivity assay 1. Juglone plates lose their toxicity with time (Cooper et al., 2016) . They need to be made fresh on the day of the assay and it is best to have a constant amount of time between pouring the plates and putting the worms on. They cannot be used for a chronic assay. 9. Add juglone to desired concentration: 300 μM = 2.5 ml juglone/100 ml NGM 240 μM = 2 ml juglone/100 ml NGM 180 μM = 1.5 ml juglone/100 ml NGM 120 μM = 1 ml juglone/100 ml NGM 60 μM = 0.5 ml juglone/100 ml NGM You can make multiple concentrations by progressively adding more juglone.
10. Pour juglone plates: 10 ml of media in 60 mm Petri dishes. More concentrated plates will be a darker yellow color.
11. Leave plates uncovered for 30 min to solidify agar. Plates should be in a single layer on the bench top, ideally next to a flame for sterility.
12. Add 40 μl of 5x concentrated OP50 bacteria with a pipet and spread to a thin layer by tilting plate in a circle (so bacteria will dry quicker). Do not let bacteria reach the edge of the plate, to limit the number of worms that will crawl up the sides.
13. Once bacteria is dry (~30 min), add 25 young adult worms per strain to the juglone plates to begin assay. 6 www.bio-protocol.org/e2086 Results represent the mean survival rate from a minimum of three biological replicates of 25 worms per replicate.
Data analysis
In the paraquat development assay, acute paraquat sensitivity assay and acute juglone sensitivity assay, we normally assess statistical significance using a two-way ANOVA with Bonferroni posttest. For the chronic paraquat assay, we assess significance using the Log-rank test. GraphPad Prism software is used to prepare all graphs and perform data analysis. Assays are performed such that the experimenter is blinded to the genotypes of the strains being tested. We perform a minimum of three independent biological replicates of at least 25 worms per strain. Worms that die due to internal hatching of progeny, externalization of internal organs, or crawling up the side of plates are censored. additional amounts of the compound (e.g., paraquat or juglone) to prepare the higher concentrations.
5. To keep the volumes precise, we prefer to use a pipetman to 'hand pour' the plates. We add 10 ml to each 60 mm plate. 6 . We make up a 1 M paraquat solution for the paraquat development assay and the chronic paraquat sensitivity assay. This solution can be stored at 4 °C for many months.
7. In the paraquat development assay, we normally test multiple concentrations of paraquat: 0.1 mM, 0.2 mM, 0.3 mM and 0.4 mM. Wild-type worms should be able to develop to fertile adults at a concentration of 0.35 mM but not at higher concentrations.
8. In the paraquat development assay, we typically transfer at least 50 eggs. For strains with markedly different embryonic development time, this assay can be adapted to look at development to adulthood beginning with L1 worms. In that case, transfer 200-300 eggs from each strain to an NGM plate. 3 h later pick L1 worms to plates containing paraquat. 10. Because of the high concentration of paraquat used in the acute paraquat sensitivity assay assay we use small 35 mm plates to minimize the amount of paraquat required. In addition, we only use a small excess of media again to minimize the amount of paraquat required. Due to the small volumes of media used, it can cool and solidify quickly. As a result it is important to pour these plates as quickly as possible. Alternatively, one could keep the media in a 55 °C water bath or on a hotplate to prevent solidification.
11. For the acute paraquat sensitivity assay, we make a concentrated paraquat stock solution of 3.33 M to minimize changes in volume when added to the NGM media. We add 1,167 μl of water to 1 g of paraquat powder.
12. To concentrate bacteria, we centrifuge at 2,935 x g (5,000 RPM) for 10 min in a 15 ml or 50 ml conical flask. Supernatant is removed and then the bacteria are resuspended by vortexing.
13. In the acute paraquat sensitivity assay, for some developmental stages and certain strains, we have observed worms surviving past 15 h. In this case, we stop the assay at 15 h as this is typically sufficient to observe a difference, if there is one. However, it is possible that when comparing two very resistant strains that the assay may need to be extended past 15 h.
14. The ease with which juglone goes into solution varies with the batch. Typically, juglone takes a long time to dissolve. We stir the juglone in ethanol for at least 1 h (while the media is autoclaving 9 www.bio-protocol.org/e2086 16. In the chronic paraquat sensitivity assay, we typically test worms at 4 mM paraquat. We have also tested worms at lower concentrations such as 2 mM but this increases the duration of the assay. 
